neighborhood characteristics, such as average educational attainment, employment rate and income level, have been associated with type 2 diabetes and obesity in non-elderly adults (1-4). Yet, elderly adults have a high prevalence of metabolic conditions, such as obesity, diabetes, hypertension, and hyperlipidemia, compared to all other age groups and may represent a particularly vulnerable population (5-8). Thus, identifying potentially modifiable neighborhood factors that are associated with worse metabolic outcomes may have important public health implications, especially in older adults, and facilitate effective prevention strategies in the future.
Introduction
neighborhood characteristics, such as average educational attainment, employment rate and income level, have been associated with type 2 diabetes and obesity in non-elderly adults (1-4). Yet, elderly adults have a high prevalence of metabolic conditions, such as obesity, diabetes, hypertension, and hyperlipidemia, compared to all other age groups and may represent a particularly vulnerable population (5-8). Thus, identifying potentially modifiable neighborhood factors that are associated with worse metabolic outcomes may have important public health implications, especially in older adults, and facilitate effective prevention strategies in the future.
previous studies exploring the relationship of neighborhood characteristics with obesity and/or insulin resistance have used either single or composite neighborhood measures (9) (10) (11) (12) (13) (14) . Composite scores may better characterize the range of potential neighborhood factors that could impact the metabolic status of residents. Many different composite scores have been used that rely on census-derived factors or individually assessed neighborhood characteristics (9-11). an example is the CarDia study, which used composite scores to explore associations of neighborhood characteristics with insulin resistance (11). This study demonstrated a graded association of progressive neighborhood disadvantage with higher levels of insulin resistance and related metabolic components among patients without diabetes. however, the CarDia study and other previous studies were performed in primarily young-and middle-aged participants, and the degree to which similar associations are also observed in elderly populations has not been previously investigated (11, 15) .
in the present study, we hypothesized that relatively disadvantaged neighborhoods, characterized using a composite neighborhood score (11), are associated with greater metabolic abnormalities in older adults. Specifically, our hypotheses were: 1) lower neighborhood scores are associated with a higher likelihood of metabolic conditions (primary outcomes: obesity, diabetes, hypertension, hyperlipidemia); 2) lower neighborhood scores are related to worse metabolic abnormalities (secondary outcomes: body-mass index, hyperglycemia, blood pressure, and lipid components); and 3) associations of neighborhood score with metabolic conditions and abnormalities are independent of potential confounders (i.e. We studied 384 women aged 70-79 years, representing the two-thirds least disabled women in the community, enrolled in the Women's health and aging Study ii at baseline. neighborhood scores were calculated from census-derived data on median household income, median house value, percent earning interest income, percent completing high school, percent completing college, and percent with managerial or executive occupation. participants were categorized by quartile of neighborhood score with a higher quartile representing relative neighborhood advantage. Logistic regression models were created to assess the association of neighborhood quartiles to outcomes, adjusting for key covariates. Measurements: primary outcomes included metabolic conditions: obesity, diabetes, hypertension, and hyperlipidemia. Secondary outcomes included BMi, hba1c, blood pressure and lipids. Results: higher neighborhood quartile score was associated with a lower prevalence of obesity (highest quartile=13.5% versus lowest quartile=36.5%; p<0.001 for trend). a lower prevalence of diabetes was also observed in highest (6.3%) versus lowest (14.4%) neighborhood quartiles, but was not significantly different (p= 0.24 for trend). highest versus lowest neighborhood quartile was associated with lower hba1c (-0.31%, p=0.02) in unadjusted models. Women in the highest versus lowest neighborhood quartile had lower BMi (-2.01 kg/m 2 , p=0.001) and higher hDL-cholesterol (+6.09 mg/dL, p=0.01) after accounting for age, race, inflammation, and smoking. Conclusion: Worse neighborhood characteristics are associated with adiposity, hyperglycemia, and low hDL. Further longitudinal studies are needed and can inform future interventions to improve metabolic status in older adults.
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Materials and Methods

Subjects
The study population for this cross sectional analysis consisted of community-dwelling women enrolled in a longitudinal, population based study, the Women's health and aging Study ii (WhaS ii) (16). using a random sample from the health Care Financing administration's Medicare eligibility list for Baltimore, Maryland, women older than 65 years were recruited for the study population. eligibility for WhaS ii required women to be 70-79 years and have difficulty in zero or one of four domains of physical function. Four hundred and thirty six women representative of the two-thirds least disabled older women living in the community enrolled. Seven study visits occurred from 1994-2008 where standardized evaluations, interviews, and physical examinations were conducted at the Johns hopkins Functional Laboratory. The current study uses data from the initial study visit.
of the 436 women enrolled in WhaS ii, the six components needed to derive the composite neighborhood z-scores were unavailable for 52 women who did not have addresses that could be matched to known census blocks (17). Women missing z-scores were similar to those with z-scores available but with relatively fewer Caucasians. Given the similarities, 384 women were included in the present study.
The Johns hopkins university institutional review Board approved the study and all participants gave informed consent.
Neighborhood Scores
Census derived block groups with a mean population of 1,000 were used as proxies for neighborhoods. each study participant was linked to their census defined area of reference using their baseline study visit address. The 1990 united States Census data was used to derive the neighborhood scores as it was the most recent census data available that also closely approximated the timing of the initial study visit. The census was used to provide six measures of data that comprised the neighborhood score. These components included (1) median household income, (2) median house value, (3) percent earning interest income, (4) percent completing high school, (5) percent completing college, and (6) percent with managerial or executive occupation. For each of these six census variables, a z-score was estimated by subtracting the mean for the total sample of block groups and dividing by the standard deviation. The six variables were then summed into a neighborhood composite z-score with higher scores representing a relatively better neighborhood advantage (17). The neighborhood composite z-scores in our study were calculated using similar methods as the CarDia study (11), and participants were categorized according to quartile of z-scores (n=96 in each quartile).
The range of z-scores in each quartile was as follows: quartile 1 (z-scores -6.78 to -1.70), quartile 2 (zscores -1.70 to 0.09), quartile 3 (z-scores 0.09 to 2.37), and quartile 4 (z-scores 2.37 to 6.27). The higher quartiles (zscores) represent the most advantaged neighborhoods.
Metabolic Outcomes
at the initial study visit, questionnaires were completed for demographics, medical history and smoking status. Blood pressure, weight and height were measured. Laboratory collection was performed for non-fasting lipids, hemoglobin a1c, Crp, and iL-6. Medicine adjudication was also performed for anti-hypertensive, lipid-lowering, and estrogen use.
The primary outcomes were metabolic conditions that included obesity (body-mass index ≥30 kg/m 2 ), diabetes (selfreported history and/or use of glucose-lowering medication), hypertension (self-reported history, antihypertensive medicine use, systolic blood pressure ≥140 mmhg, and/or diastolic blood pressure ≥90 mm hg), and hyperlipidemia (total cholesterol ≥200 mg/dl and/or lipid-lowering medication use). in addition, secondary outcomes were continuous metabolic abnormalities including body-mass index (BMi), hba1c, total cholesterol, hDL-cholesterol, LDL-cholesterol, triglycerides, systolic and diastolic blood pressure.
Statistical Analysis
Baseline characteristics were compared by neighborhood zscore quartile with chi-squared test for binary variables and anoVa for continuous variables. For skewed variables (Crp, iL-6), medians and interquartile range were compared. Logistic regression models were created to graphically explore associations of neighborhood z-score with metabolic conditions (obesity, diabetes, hypertension, hyperlipidemia) after adjustment for age and race. next, linear regression models were created to explore the association of neighborhood zscores with levels of continuous metabolic outcomes. Beta coefficients and 95% confidence intervals are shown. Model 1 was the unadjusted model. Model 2 included adjustment for age and race. Model 3 had additional adjustment for log Crp, log iL-6, and smoking.
in sensitivity analysis, hba1c ≥7% as a dichotomous outcome was explored in logistic regression models to more specifically assess the association of neighborhood characteristics with the presence of hyperglycemia. in additional sensitivity analyses, BMi ≥ 25 kg/m 2 was explored in logistic regression models to assess association of neighborhood characteristics with the presence of either overweight or obesity. Sensitivity analyses stratified by estrogen use were also done among the subset of women with available data (n=338).
We used a multilevel model in sensitivity analysis to take into account neighborhood cluster effects that may be present from participants living in the same geographic census block. This accounts for similar personal behavior that participants
